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[57] ABSTRACT 
An antimicrobial suoerabsorbenL mmposition of a 
^r^Binjcedjiyo ^ophilic sort ujn^alLform of a partially 
""neutralized acrylic acid-basc3polymer gel having cova- 
lently bonded jh ereto a silan e. The composition can be 
in the form of flakes, strips, powders, filaments, fibers, 
or films, and may be applied to a substrate in the form of 
a coating. 
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illustrated by U.S. Pat. No. 4,449,977. According to this 
ANTIMICROBIAL SUPERABSORBENT reference, a desirable feature of a superabsorbent is the 

COMPOSITIONS AND METHODS presence of acrylate or methacrylate groups which can 

be salts, amides, esters, or the free acids. Many hydro- 
'This is a divisional of copending application© Ser. 5 gels are based on acrylate and methacrylate polymers 
No. 07/191945 filed May 9, 1988 now U.S. Pat No. and copolymers, for example, as shown m U.S. Pat. 
4990338" Nos. 2,976,576, 3,220,960, 3,993,616. 4,154,898. 

4,167,464, 4,192,727, 4,192,827, and 4,529,739. Hydro- 
BACKGROUND OF THE INVENTION ge]s based on starch or a mo dified starch are shown by 

This invention relates to compositions, methods of 10 U.S. Pat. Nos. 4,069,177, 4,076,663, 4,115,332, and 
treatment, and articles of manufacture, wherein there is 4,117,222. Other hydrogels are b ^ °n r^!y(oiyalky. 
employed an antimicrobial superabsorbent formed of a lene) glycols as in U.S. Pat. No. 3,783,872. Hydrogels 
cross-linked hydrophilic sodium salt form of a partially prepared from hydrolyzed crosslinked polyacrylamides 
neutralized acrylic acid-based polymer gel having cova- and crosslinked sulfonated polystyrenes are described in 
lently bonded thereto a silane, for the purpose of pro- 15 U.S. Pat No. 4,235,237. Finally, polymers based on 
viding the benefits of odor reduction, control of mi- ma leic anhydride have been described in U.S. Pat. Nos. 
crobes, and reduction of microbial rashes and allergies. 2,988,539, 3,393,168, 3,514,419, 3,557,067, and 

Antimicrobial agents are chemical compositions that 4,401,793. U.S. Pat No. 3,900,378 describes hydrogels 
are used to prevent microbiological contamination and from radiation crosslinked blends of hydrophilic poly- 
deterioration of products, materials, and systems. Par- 20 m ers and fdlers. Such category of absorbent polymers 
ticular areas of application of antimicrobial agents and preferred in the present invention, however, can be 
compositions are, for example, cosmetics, disinfectants, exemplified by, for example, U.S. Pat. No. 3,966,679, 
sanitizers, wood preservation, food, animal feed, cool- wn ich relates to acrylic acid based water swellable 
ing water, metalworking fluids, hospital and medical supcr absorbent polymers useful as catamenial tampons 
uses, plastics and resins, petroleum, pulp and paper, 25 diapers. Such absorbent polymers that posses, in 
textiles, latex, adhesives, leather and hides, and paint addition to their superabsorbency characteristics, the 
slurries. Of the diverse categories of antimicrobial property of antimicrobial activity, are not known, how- 
agents and compositions, quaternary ammonium com- ever . Therefore, in accordance with the present inven- 
pounds represent one of the largest of the classes of tion,it has been found that superabsorbent compositions 
antimicrobial agents in use. At low concentrations, qua- 30 wn ich have antimicrobial properties can be formed, 
ternary ammonium type antimicrobial agents are bacte- which possess the characteristics and advantages of 
riostatic, fungistatic, algistatic, sporostatic, and tubercu- fc otn categories of the silicone quaternary ammonium 
lostatic. At medium concentrations they are bacteri- as we n as the acrylic acid based water swellable 

cidal, fungicidal, algicidal, and viricidal against lipo- super absorbent polymer compositions noted above, 
philic viruses. Silicone quaternary ammonium salt com- 35 ^hus, w addition to absorbing large quantities of fluids, 
pounds are well known as exemplified by U.S. Pat. No. tne compositions of the present invention act in pre- 
3,560,385, and the use of such compounds as antimicro- venting microbiological contamination and deteriora- 
bial agents is taught, for example, in a wide variety of tion 0 f pr0 ducts, materials, and systems. For example, 
patents such as U.S. Pat. Nos. 3,730,701, and 3,817,739, 3-(trimethoxysilyl)propyldimethyloctadecylammonium 
where the compounds are used to inhibit algae; 40 cn i or i(i e| hereinafter referred to as TMS, is an effective 
3,794,736; 3,860,709; 3,865,728, where the compounds antimicrobial agent in which the active ingredient hy- 
are used to treat aquarium filters; 4,259,103; and in Brit- d ro lyzes in water and reacts with substrates with which 
ish Patent No. 1,386,876. Published unexamined Euro- it is brought into contact: These substrates demonstrate 
pean Application No. 228464 of July 15, 1987, teaches n0 nleaching broad spectrum antimicrobial activity. By 
that microorganisms on plants can be killed by the ap- 45 mc i U( jing an antimicrobial component in the water 
plication thereto of an aqueous mixture of a surfactant SW ellable absorbent composition, the benefits of both 
and an organosilicon quaternary ammonium compound. compositions are realized as against both functioning 
In a particular application of an antimicrobial silicone independently one from the other. Hence, the composi- 
quaternary ammonium compound, a paper substrate is tions set f ortn m ^ present invention possess unique 
rendered resistant to the growth of microorganisms in 50 f eature s and advantages over existing antimicrobial 
U.S. Pat. No. 4,282,366. In U.S. Pat. No. 4,504,541, an treating agents and hydrophilic gels and provide im- 
antimicrobial fabric is disclosed which is resistant to pr0 ved results thereover. Thus, the disadvantages of the 
discoloration and yellowing by treatment of the fabric 

prior art are overcome with the present invention 
with a quaternary ammonium base containing an or- wherein improved antimicrobial agents are provided, 
ganosilicone. U.S. Pat. No. 4,615,937, as well as its 55 CTTVfXjff AWV nrm imvpnttthm 

companion U.S. Pat No. 4,692,374, relate to wet wiper SUMMARY OF THE INVENTION 

towelettes having an antimicrobial agent substantive to ^\\\s invention relates to an antimicrobial superab- 
the fibers of the web and being an organosilicon quater- sorDe nt composition of a cross-linked hydrophilic so- 
nary ammonium compound. Thus, the versatility of diun| sall form 0 f a partially neutralized acrylic acid- 
such compositions is readily apparent. 60 ^ased polymer gel having covalently bonded thereto a 

Absorbent polymers capable of absorbing from about silane of tne general formula 
thirty to sixty grams of water per gram of polymer are 

known, as is the use of such polymers in disposable Y3SiRN + R'R"R"'X- 
diapers, sanitary napkins, surgical pads, and bath mats, 

for example. A particularly sought-after property is 65 where Y denotes a hydrolyzable radical, R denotes a 
increased water absorbency. Polymers having this divalent hydrocarbon radical with 1 to 6 carbon atoms, 
property often are referred to as hydrogels or superab- R', R" and R'" independently denote saturated or unsat- 
sorbents. The nature and utility of superabsorbents are urated hydrocarbon radicals containing 1 to 18 carbon 
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atoms, saturated or unsaturated organic radicals consist- manufacture, wherein there is employed an antimicro- 
ing of carbon, hydrogen and oxygen; carbon, hydrogen, bial superabsorbent formed of a cross-linked hydro- 
and sulfur; or carbon, hydrogen and nitrogen, and X philic sodium salt form of a partially neutralized acrylic 
denotes an anion. acid-based polymer gel having covalently bonded 

The silane can also be represented by the general 5 thereto a silane for the purpose of providing the benefits 
formula of odor reduction, control of microbes, and reduction of 

microbial rashes and allergies. 
Y 3 Si(CH2) m N+(CH3)2<CH^CH3X These and other features, objects, and advantages, of 

, . , . . ,. , v , A¥% the present invention will become apparent from the 
where Y denotes a hydrolyzable radical £ dnotet u , 0 P description of the invention, 

acid anion, and where m + n is 16 to 23, m is 1 to 1 1, ana v 6 r 
n is 9 to 17. Specific examples of compounds included DETAILED DESCRIPTION OF THE 

thereunder are, for example, the silane represented by INVENTION 
the formula Tfae compositions of the present invention were pre- 

(CH 3 0)jSi(CH2) 3 N+(CHj)2Ci8H37Cl- 15 pared in accordance with the Examples set forth herein- 

below, and in the Examples as well as in the Tables 
and the silane represented by the formula tabulating results thereof, the composition identified as 

TMS refers to a product manufactured by the Dow 
(CH30)3Si(CH:)3N+(C|ot2i)2(CH 3 )a- Corning Corporation as an antimicrobial agent and is 

x. j c • • 20 3-(trimethoxysilyl)-propyloctadecyldimethyl ammo- 
The invention also relates to a method of inhibiting nium cn j or j dc diluted to forty-two percent active ingre- 
the proliferation of potentially destructive microorgan- . . . ht whh methanol( md havmg t he formula 
isms on a substrate by treating the substrate with an 

effective amount of an antimicrobial superabsorbent (CH 3 0) 3 Si(CH2) 3 N+(CH 3 ) 2 c l 8H37Cl- 
composition formed of a cross-linked hydrophilic so- 25 

dium salt form of a partially neutralized acrylic acid- Jhe materia i DRYTECH ® is a product manufac- 
based polymer gel having covalently bonded thereto a tured by the Dow chemica i Company and is a water 
silane of the general formula swellable absorbent of a carboxylic polyelectrolyte. 

v s-PM+irwu'-Tf- in This cross-linked hydrophilic sodium salt form of a 

y 3 sirn r k r a 30 partially ncutra ij ze d acrylic acid-based polymer gel can 

where Y denotes a hydrolyzable radical, R denotes a be prepared by ^ t^ues d^cribed. J 

divalent hydrocarbon radical with 1 to 6 carbon atoms, U.S^ Pat. No. 3,966,679 

R' f R" and R'" independently denote saturated or unsat- R- Gross, and ^S^o theDow ^ micd Com pany. 

urated hydrocarbon radicals containing 1 to 18 carbon 35 The materials DRYTECH® and TMS are otherwise 

atoms, saturated or unsaturated organic radicals consist- combined and reacted together in order to form a cova- 

ing of carbon, hydrogen and oxygen; carbon, hydrogen, lent bond therebetween. 

and sulfur; or carbon, hydrogen and nitrogen, and X The polymeric material DRYTECH ® absorbs and 

denotes an anion. The composition can be in the form of holds large amounts of water in a gel-hke matrix. This 

flakes, strips, powders, filaments, fibers, or films. ^ gel, however, is an ideal situs for microorganisms when 

The invention further relates to a method of reducing some type of nutrient is supplied. For example, in dia- 

odor and simultaneously controlling diaper rash by the pers and sanitary pads, fluids are absorbed which con- 

suppresion of bacteria that attack urinary urea with the tain heavy organic loads of potential nutrients resulting 

liberation of ammonia by impregnating the diaper fabric j n an ideal environment for microbial growth. This can 

with an effective amount of a composition for control- 45 be offset by incorporating into the absorbent polymer in 

ling the spread of infection, the composition being an a covalent bonding relationship an antimicrobial agent 

antimicrobial superabsorbent formed of a cross-linked sucn as TMS thereby producing an otherwise antimi- 

hydrophilic sodium salt form of a partially neutralized crobial superabsorbent. The antimicrobial agent can be 

acrylic acid-based polymer gel having covalently incorporated by addtion of the agent to the absorbent 

bonded thereto a silane of the general formula 5Q p 0 iy mer during its manufacture, or by addition of the 

agent to the absorbent polymer following its manufac- 

Y 3 StRN+R'R"R"'X- ture as a trcatec i fy| cr or by a non-aqueous treatment of 

_ _ . . . , , . . , « A^tK « the absorbent polymer with the agent in toluene. It has 

where Y denotes » ^J^^^^S^^ been found th * * vcn thc ^microbial agent 

divalent hydrocarbon radical with 1 to o carbon atoms, i_ j t u- * a*-* 

J ~«d 1 R'" independently denote saturated or unsat- * ™X be classified as a hydrophobing agent it does not 

urated hydrocarbon radicals containing 1 to 18 carbon ^on m the fashion of reducing the absorbed capac- 

atoms, saturated or unsaturated organic radicals consist- «V of the polymer. In fact ^J^^^J^ 

ing of carbon, hydrogen and oxygen; carbon, hydrogen, bent polymer as well as its salt tolerance are improved, 

and sulfur; or carbon, hydrogen and nitrogen, and X In diapers and sanitary pads containing the : compost- 

denotes an anion 60 tlons of the P resenl invention, it has been found that 

It is therefore an object of the present invention to such items possess the added benefits of reduced odor 

provide compositions, methods of treatment, and arti- improved control of microbes, and the reduction of 

cles of manufacture, wherein there is employed an anti- microbial rashes and allergies. 

microbial superabsorbent formed of a cross-linked hy- The anion of an aqueous sodium salt of broraphenol 

drophilic sodium salt form of a partially neutralized 65 blue can be complexed with the cation of a polymerized 

acrylic acid-based polymer gel having covalently silane of this invention while it is on a substrate. The 

bonded thereto a silane. blue colored complex, substantive to a water rinse, is 

It is also an object of the present invention to provide qualitatively indicative of the presence of the cation on 
compositions, methods of treatment, and articles of 
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the substrate thus indicating the extent of antimicrobial lanes falling within the scope of this invention are 

agent on a given substrate. A comparison of the intcn- known silanes and references disclosing such silanes are 

sity of retained blue color to a color standard is used as numerous. One such reference, U.S. Pat. No. 4,259, 103, 

a check to determine if the treatment has been applied issued to James R. Malek and John L. Speier, oh Mar. 

properly. 3 31, 1981, discusses the use of such silanes to render the 

The method consists of preparing a 0.02 to 0.04 surfaces of certain substrates antimicrobial. Canadian 

weight percent solution of bromphenol blue in distilled Patent No. 1,010,782, issued to Charles A. Roth shows 

water. This solution is made alkaline using a few drops ^ c ^ Q f fi\\ en treated with certain silanes to be used in 

of saturated Na2C03 solution per 100 milliliters of the pamU and ^ likc t0 gj VC antimicrobial effects, 

solution. Two to three drops of this solution are placed io Numerous other publications have disclosed such 

on the treated substrate and allowed to stand for two s ^ eS9 namely, A. J. Isquith, E. A. Abbott and P. A. 

minutes. The substrate is then rinsed with copious Wa j terS| Applied Microbiology, December, 1972, pages 

amounts of tap water and the substrate is observed for a 85 o_863. p A Walters, E, A. Abbott and A. J. Isquith, 

blue stain and it is compared to a color standard. Applied* Microbiology, 25, No. 2, p. 253-256, February 

For a spectrophotometry determination, the follow- 15 ^ ^ £ A AbbQtt and A j Isquith) v $ Pat Na 

of bromphenol blue is depleted from «J 

a standard soludon by ^^^^ ^^^ l ^SS^X^^^ 

treated substrate. The change in U« o» Jf"*^ ^ bc used in solvent or aqueous-solvent 

TomSn^ 20 ^utions. ^hen the silanes are used neat, the inventive 

suZT^Znxby the cationic silane is determin- process is preferably earned out in a .system » which 

able some sma11 amount of water IS P rescnt If 11 IS not P° SS1 " 

The method consists of preparing a 0.02 weight per- ble to have a system with some small amount of water 

cent standard solution of bromphenol blue in distilled 2 5 P«sent, then a water soluble or water-dispersable, low 

water. It is made alkaline with a few drops of saturated molecular weight hydrolyzate of the silane may be 

Na 2 C0 3 solution per 100 milliliters of bromphenol blue used. What is important is the fact that the durability of 

solution. The color of this solution is purple. any effect produced by the silane as part of a product 

The blank solution is adjusted to yield a 10 to 12% requires that the silane molecule react with a surface to 

transmittance reading when measured in 1 cm cells 30 a certain extent. The most reactive species, as far as the 

using a spectrophotometer set at 589 nm by the follow- silanes are concerned, is the =SiOH that is formed by 

ing method. hydrolysis of the alkoxy groups present on the silane. 

Fill a container I full of distilled water and add 2 ml s $iOH groups tend to react with the surface and 

of the 0.02% standard bromphenol blue solution for bind the s n anes t o the surface. It is believed by the 

every 50 ml of distilled water. Add 0.5 ml of a 1% 35 mventor eve n though the prime mode of coupling to the 

Triton ® X-100 surfactant (manufactured by Rohm and sur f ace sys tem is by the route described above, it is also 

Haas, Philadelphia, PA, USA) aqueous solution for Sieved by the inventor that the alkoxy groups on the 

every 50 ml of water. Mix, and using the spectropho- atom may alsQ part i c ip ate m their own right to 

tometer, determine the maximum absorbance. Adjust bind tQ ^ sufface 

the upper zero to 100% transmittance with distilled ^ Preferred for this inve ntion is a reactive surface con- 
water. Check the percent transmittance of the working fi .. reactive » it is 
bromphenol blue so toon at . the ^^^^ me anf that the surface must contain some groups which 
setting. Adjust the blank solution to 10 to 12% transmit- generated by hydro- 
tance with either water or bromphenol blue standard will react ^ ^ ^ ^ 

S °X^ substrate are tested by placing 45 R in the silanes ofthis invention are alkyl groups of 1 

05^ram samples of the substrate standards in a flask to 4 carbon atoms. Thus, useful as R in this invention are 

largfenough for substantial agitation of the sample and the methyl, ethyl, propyl and butyl radicals. R can ako 

the test solution. Add 50 ml of the working solution. be hydrogen thus indicating the silanol form, te. the 

Agitate for 20 minutes on a wrist-action shaker. Fill the 5Q hydrolyzate. The value of a is 0, 1 or 2 and R is a 

test curvette with the test solution. Centrifuge if partic- methyl or ethyl radical. 

ulate matter is present. Measure the % transmittance at R" for purposes of this invention is an alkylene group 
the wavelength set forth above. The transmittance is of 1 to 4 carbon atoms. Thus, R" can be alkylene groups 
compared against a standard curve prepared by prepar- such as methylene, ethylene, propylene, and butylene. 
ing several substrate samples of known concentration of 5J R"', R"", and R v are each independently selected from 
the cationic silane. For example, samples containing a a group which consists of alkyl radicals of 1 to 18 car- 
known amount of cationic silane at, for example, 0%, D ons ( — CH2C6H5, — CH2CH2OH, — CH2OH, and 
0.25%, 0.50%, 0.75% and 1% are read spectrophoto- — (CH2)xNHC(0)R ?/ . x has a value of from 2 to 10 and 
metrically and a curve is plotted. R*/ is a perfluoroalkyl radical having from 1 to 12 car- 
The silanes useful in this invention also have the gen- w bon * atoms. X is chloride, bromide, fluoride, iodide, 
eral formula acetate or tosylate. 

Preferred for this invention are the silanes of the 

ffi ^ general formula 
(RO)3_ 0 SiR*'N®R"'ir"R/xe and (RO)j_ a SiR'NPh X© 

R'a R '» 65 (RO)3- ff SiR"N©R'"R""R'X© wherein 

It should be noted that generically, these materials are R'* 
quaternary ammonium salts of silanes. Most of the si- 
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R is methyl or ethyl; a has a value of zero; R" is propy- 
lene; R'" is methyl or ethyl; R"" and R v are selected 
from alky! groups containing 1 to 18 carbon atoms 
wherein at least one such group is larger than eight 
carbon atoms and x is either chloride, acetate or tosy- 5 
late. 

Most preferred for this invention are those silanes 
having the formula 

(CH30)3Si(CH 2 ) 3 N©(CH3hCi*H)7Cl- and 
<CH 3 0)jStf CH2) jN©CH 3 (C,oH 2 ihCl 

As indicated above, most of these silanes are known 
from the literature and methods for their preparation 
are known as well. See, for example, U.S. Pat No. 
4,282,366, issued Aug. 4 t 1981; U.S. Pat No. 4,394,378, 
issued July 19, 1983, and U.S. Pat No. 3,661,963 issued 
May 9, 1972, among others. 

Specific silanes within the scope of the invention are 
represented by the formulae: 
(CH 3 0)3Si(CH2)3N+(CH3)2Ci B H37Cl-, 
(CH 3 0)3Si(CH 2 )3N+(CH3)2Ci8H37Br-, 
(CH30)3Si(CH2)3N+(CioH2i)2CH 3 Cl-, 
(CH 3 0)3Si(CH2)3N+(CioH2i)2CH 3 Br- 
(CH 3 0)3Si(CH 2 ) 3 N+(CH3)3Cl-, 
(CH 3 0)3SiCH 2 CH2CH 2 P + (C&shCl - 
(CH 3 0)3SiCH2CH 2 CH 2 P+(C6H5)3Br- 
(CH30) 3 SiCH 2 CH2CH 2 P+(CH3)3Cl-, 
(CH 3 0) 3 SiCH2CH 2 CH2P+(C6Hi3)3CI- 
(CH 3 0)3Si(CH 2 )3N + (CH 3 ) 2 C4H 9 Cl - , 
(C2H 5 0) 3 Si(CH 2 )3N + (CH 3 ) 2 C 1 8H37CI - 
(CH 3 0)3Si(CH2)3N+(CH3)2CH2C 6 H5Cl-, 
(CH30)3Si(CH 2 )3N+(CH 3 )2CH2CH 2 OHCl-, 

(HO) 3 Si(CH 2 ) 3 



(HO) 3 Si(CH 2 hN JxO 



30 



(CH30) 3 Si(CH 2 ) 3 N + PhCl - 
(CH30)3Si(CH 2 ) 3 N+(CH3)2(CH 2 )3NH- 

C(0)(CF 2 )6CF3Cl-, 
(CH30)3Si(CH2)3N+(C2H3) 3 Cl-. X is chlorine in the 
above structures. 45 
The compositions of the present invention have a 
wide range of application including, for example but not 
limited to, bandages, surgical tampons, sorptive dental 
rolls, catamenial tampons, sanitary napkins, diapers, 
body urinals, underarm perspiration pads, breast pads, 50 
disposable hat bands, disposable wiping cloths, tissue 
wipes, pre-moistened towelettes, mattress pads, under- 
sheets, dressings, facial tissues, and of woven or unwo- 
ven materials and fabrics such as cotton, cloth, rayon, 
nylon, wool, surgical gauze, burlap, or paper. 55 

EXAMPLE I 

A mixture of five percent by weight of treated CAB- 
O-SIL ® and ninety-five percent by weight of DRY- 
TECH® was prepared by combining in a container 60 
19.17 grams of DRYTECH® and 1.0 grams of CAB- 
O-SIL® pre-treated with one percent by weight of 
TMS. The material CAB-O-SIL® is colloidal silica 
particles manufactured by Cabot Corporation, Ko- 
komo, Ind. The ingredients were thoroughly mixed 65 
together in the container, and blended with a magnetic 
stirrer on a hot plate set at low heat while maintaining 
agitation for thirty minutes. The product from the con- 



tainer was allowed to cool and gravity filtered, and 
allowed to dry overnight at room temperature. The 
resulting powder in an amount of 0.5 grams was placed 
in fifty milliliters of bromophenol blue standard solution 
and agitated for about twenty minutes. Observations 
were made based on color, and the color was found to 
be purple-blue. The gel was dried to remove moisture, 
and the powder was rinsed with toluene to determine if 
the treatment was durable. No purple-blue color was 
found to have been removed by the toluene indicating 
that the treatment was durable. 

EXAMPLE II 

A mixture of ten percent by weight of treated CAB- 
15 O-SIL® and ninety percent by weight of DRY- 
TECH ® was prepared by combining in a container 
22.5 grams of DRYTECH® and 2,5 grams of CAB-O- 
SIL ® pre-treated with one percent by weight of TMS. 
The ingredients were thoroughly mixed together in the 
20 container, and blended with a magnetic stirrer on a hot 
plate set at low heat while maintaining agitation for 
thirty minutes. The product from the container was 
allowed to cool and gravity filtered, and allowed to dry 
overnight at room temperature. The resulting powder 
25 in an amount of 0.5 grams was placed in fifty milliliters 
of bromophenol blue standard solution and agitated for 
about twenty minutes. Observations were made based 
on color, and the color was found to be blue. The gel 
was dried to remove moisture, and the powder was 
rinsed with toluene to determine if the treatment was 
durable. No blue color was found to have been removed 
by the toluene indicating that the treatment was dura- 
ble. 

EXAMPLE III 

A mixture of five percent by weight of treated alumi- 
num chlorohydrate and ninety-five percent by weight 
of DRYTECH ® was prepared by combining in a con- 
tainer 19.06 grams of DRYTECH ® and 2.12 grams of 
aluminum chlorohydrate pre-treated with one percent 
by weight of TMS. The ingredients were thoroughly 
mixed together in the container, and blended with a 
magnetic stirrer on a hot plate set at low heat while 
maintaining agitation for thirty minutes. The product 
from the container was allowed to cool and gravity 
filtered, and allowed to dry overnight at room tempera- 
ture. The resulting powder in an amount of 0.5 grams 
was placed in fifty milliliters of bromophenol blue stan- 
dard solution and agitated for about twenty minutes. 
Observations were made based on color, and the color 
was found to be purple. 

EXAMPLE IV 

A mixture was prepared by combining in a container 
134.44 grams of toluene, 19.34 grams of DRYTECH ®, 
and 2.42 grams of TMS. The ingredients were thor- 
oughly mixed together in the container, and blended 
with a magnetic stirrer on a hot plate set at low heat 
while maintaining agitation for thirty minutes. The 
product from the container was allowed to cool and 
gravity filtered, and allowed to dry overnight at room 
temperature. The resulting powder in an amount of 0.5 
grams was placed in fifty milliliters of bromophenol 
blue standard solution and agitated for about twenty 
minutes. Observations were made based on color, and 
the color was found to be blue. The powder was dried, 
rinsed with toluene and found durable as in Example II. 



35 



40 
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EXAMPLE V 



TABLE I-continued 



EXAM- 
PLE 


DRYTECH <g 


) CAB-O-SIL <§ 


) TMS 


COLOR 


2 


• 


•D 


• 


blue 


3 


• 


A, D 


• 


purple 


4 


•B, D 


C 


• 


blue 


5 


•B. D 


C 


• 


purple-blue 


6 


•B. D 


C 


• 


blue 


7 


•B, D 


C 


* 


blue 


Control 


C 


C 


C 


purple 



A mixture was prepared by combining in a container 
134.44 grams of Toluene, 20.0 grams of DRYTECH ®, 

and 0.125 grams of TMS. The ingredients were thor- 5 
oughly mixed together in the container, and blended 
with a magnetic stirrer on a hot plate set at low heat 
while maintaining agitation for thirty minutes. The 

product from the container was allowed to cool and 

gravity filtered, and allowed to dry overnight at room 10 A = cabo-sil ® repuced with wivm^um cuorobydme. 

temperature. The resulting powder in an amount of 0.5 b = Toluene troted. 

grams was placed in fifty milliliters of bromophcnol ^Z^Z'JZ^ 

blue standard solution and agitated for about twenty comroi - drytech ©. 

minutes. Observations were made based on color, and •fafrfiem included, 

the color was found to be purple-blue. The gel was 15 

dried to remove moisture, and the powder wal rinsed A consideration of the foregoing results of the treated 
with toluene to determine if the treatment was durable J-"*™* b ?"S*" t h e tr tT 
as to the absorbent polymer. No purple-blue color was »ated and set forth in Table I indicates that the treat- 
found to have been removed by Uie toluene indicating ments wuh the antimicrobial agent in Examples 2 4 6 
v " * 20 and 7, were high y effective as evidenced by the blue 
that the treatment was durable. color; that the treatments with the antimicrobial agent 
EXAMPLE VI in Examples 1 and 5 were moderately effective as evi- 

A mixture was prepared by combining in a container fenced by the purple-bhie color; and 1 that the tratment 

134.44 grams of Toluene, 20.0 grams of DRYTECH ®, ^^'^^L^ ° f h,Ue ° f " 0 

and J grams of TMS. The «-«^ » U ^SS&^J^^^^^ 

oughly mixed together in the con amer, and blended J**™,^ , le y wei mng 0 .75 grams in a 

with a magnetic stirrer or , a hot plate^ set at low heat ^^s^ C0U P m Kle lJ a pneu % onioe sus . 

while maintaining agitation for thirty .m«nutes. The ■ The sion b 

product from the container was allowed to co6h and P e ^ after cQnlact ^ C(J ,. 

gravity filtered and allowed to. dry ™°« , U red. The number of viable organisms in the suspen- 

temperature. The resulting powder n an amoun : d OS deten nined. The percent reduction based on the 

grams was placed in fifty mi hhters of bromophenol determined. The method is intended 

blue standard solution and agitated for about twemy °Xse Surfaces naving a reduction capability of 75 to 

minutes. Observations were madebased on color, and tfane m resu]ts are 

the color was found to be blue. The gel was » dned to J ^ ^ ^ reducti(m . 

remove moisture, and the powder was nnsed with tolu- ^ ujed jn ^ ^ m nutrient broth> cata , og No 

ene to determine if the treatment was durable as to the ^3-01-6 and tryptone glucose extract agar, catalog 

absorbent polymer. No blue color was found to have Nq both availab i e fr0 m Difco Laboratories, 

been removed by the toluene indicating that the treat- ^ DetIoit> Micn ^ VSA ^ microorganism used is Kleb- 

ment was durable. ae//fl pneumo „i ae American Type Culture Collection; 

EXAMPLE VII Rockville, Md. U.S.A., catalog No. 4352. 

.... . . The procedure used for determining the zero contact 

A mixture was prepared by combimng ma container ^ cQum . & Qut by utUizing , w0 stenk 250 mI . 

134.44 grams of Toluene, 2O0 grams of DRYTECH®, 4J screw Erlenmeyer flasks for each sample. To each 

and 5.0 grams of TMS. The ingredients were thor- ^ fe a(jded 7Q mJ of $terile buffer so i ution , To each 

oughly mixed together in the container, and blended flajk j$ a(Jded 5 ml of the organism inocu- 

with a magnetic stirrer on a hot plate set at low heat ^ ^ flasks m . ^ place(J Qn a wri$t action 

while maintaining agitation for thirty minutes. The _ afe shaken a{ maxinlunl speed for , min . 

product from the container was allowed to cool and ^ ^ Each flask ^ considered to be at zero contact time 

gravity filtered, and allowed to dry overnight at room ^ |§ j^,,^, subsanjp i e d by transferring I ml of 

temperature. The resulting powder m an amount of 0.5 ^ tQ & me ^ tube containing 9 ml of 

grams was placed in fifty milliliters of bromophenol ste[ . ]e buffer ^ ^ m ^ a vortex mixer 

blue standard solution and agitated for about twenty ^ theQ { m , Qf ^ k „ a sec0 nd 

minutes. Observations were madebased on color, and $5 ^ tube comainin 9 ^ of steri le buffer. Then, after 

the color was found to be blue. The gel was dried to a ^ tation of the tubes> , ml of each tube is transferred to 

remove moisture, and the powder was nnsed with tolu- ^ sterile rf ^ Dup u cates are also pre- 

ene to determine if the treatment was durable as to the d sixteen ^ Qf mohen (4r C) ^ ucose 

absorbent polymer No blue color was found to have ^ ^ ^ djsh ^ ^ each 

been removed by the toluene indicating that the treat- ^ rotated ^ clockwise ten times CO unterclock- 

ment was durable. ^ fpH wise. The dishes are then incubated at 37* C. for 24 to 36 

A control sample of DRYTECH ® when treated houfs ^ colonies m coaMd consideri only Aose 

alone m accordance with the foregoing procedures Mv/fxn 30 ^ 300 C0U nt as significant. Duplicate sam- 

rendered a purple color. p , es m averaged j^g procedure used for determining 

TABLE I 6J the bacterial count after 1 hour is essentially the same as 

exam. that used to determine the count at the zero contact 

ple drytech ® CAB-O SIL ® tms color time. The only difference is that pour plating is per- 

I ; »d » purple-blue formed at the 10° and 10 -1 dilutions as well as at the 
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10" 2 dilution. "Percent reduction" is calculated by the 
formula 



%R 



2 



10 



IS 



where A is the count per milliliter for the flask contain- 
ing the treated substrate; B is zero contact time count 
per milliliter for the flask used to determine "A" before 
the addition of the treated substrate and C is zero 
contact time count per milliliter for the untreated con- 
trol substrate. 

The microbiological efficacy of the compositions of 
the present invention was determined as noted above. 
The antimicrobial activity of treated surfaces of the 
compositions was, however, evaluated by shaking sam- 
ples in a 750,000 to 1,500,000 count Escherichia coli and 
Klebsiella pneumoniae suspension for a one hour contact 
time. The suspension was serially diluted both before 
and after contact and cultured. The number of viable 
organisms in the suspensions was determined. The per- 
cent reduction based on the original count was also 
determined. The results and data of the antimicrobial 
activity dynamic surface testing conducted are set forth 
in the Tables II and III hereinbelow and indicating that 
the compositions are antiraicrobially active in their 
nature and function, in addition to performing as supe- 
rabsorbent materials, and that the microorganisms were 
substantially reduced in number. Accordingly, the anti- 
microbial activity of the compositions of the present 
invention was rated excellent. 

In the Tables, the growth was rated from (-) for no 
growth, (+) for 1-100 colonies, (+ +) for 100-300 
colonies, and (+ + -r) for colonies too numerous to 
count. The test system employed consisted of seventy- 
five milliliters of diluent pre-inoculated with approxi- 
mately 15,000 CFU per milliliter. Samples to be tested 
were added at the rate of one-half of one gram per 
seventy-five milliliters. Standardized sub-samples were 40 
prepared with a sterile swab and plated on TGE agar. 

TABLE II 



facture, and methods described herein without depart- 
ing substantially from the essential features and con- 
cepts of the present invention. Accordingly, it should be 
clearly understood that the forms of the invention de- 
scribed herein are exemplary only and are not intended 
as limitations on the scope of the present invention. 
That which is claimed is; 

1. The method of inhibiting the proliferation of poten- 
tially destructive microorganisms on a substrate com- 
prising treating the substrate with an effective amount 
of an antimicrobial superabsorbent composition formed 
of a crosslinked hydrophilic sodium salt form of a par- 
tially neutralized acrylic acid based polymer gel, the 
polymer gel having covalently bonded thereto an or- 
ganosilane, the organosilane being present in an amount 
to prevent hydrophobing and reduction of the absor- 
bent capacity of the polymer gel, the organosilane hav- 
ing a formula selected from the group consisting of 

(RO)3- 0 SiR"N + R'"R""R r X- and 



30 



35 



ESCHERICHIA COLI 
PHOSPHATE BUFFER 

TIME IN HOURS 



45 



SAMPLE 


0 


1 


24 


4 




+ + + 


+ + + 


+ + + 


5 




+ + + 


+ + + 


+ + + 


6 




+ + + 


+ + + 


+ + 


7 




+ + + 


+ + + 




Control 


+ + + 


+ + + 


+ + + 


TMS 


+ + + 


+ + + 




TABLE III 




KLEBSIELLA PNEUMONIAE 






PHOSPHATE BUFFER 0.85% SALINE 




TIME IN HOURS TIME IN HOURS 


SAMPLE 


0 


1 


24 0 


1 24 


4 


+ + + 


+ + + 


+ + + + + + 


+++ +++ 


5 


+ + + 


+ + + 


+ + + + 


+++ + + + 


6 


+ + + 


+ + + 


+ ++ + 


+ + + + 


7 


+ + + 


+ + + 


+ + + + 


+ + + + 


Control 


+ + + 


+ + + 


+ + + + + + 


+ + + + + + 


TMS 


+ + + 


+ 


+ ■+• + + 


+ + + + 



50 



55 



60 



65 



It will be apparent from the foregoing that many 
other variations and modifications may be made in the 
structures, compounds, compositions, articles of manu- 



(RO)3- a SiR"N J X© 

wherein in each formula, 
R is an alkyl radical of I to 4 carbon atoms or hydro- 
gen; 

a has a value, of 0, 1 or 2; 

R' is a methyl or ethyl radical; 

R" is an alkylene group of 1 to 4 carbon atoms; 

R"' f R"" and R v are each independently selected from 
the group consisting of alkyl radicals of 1 to 18 
carbon atoms, — CH 2 C 6 H 5 , — CH 2 CH 2 OH, — CH- 
2 OH, and — (CH 2 ) X NCH(0)R V/ , wherein x has a 
value of from 2 to 10 and R v/ is a perfluoroalkyl 
radical having from 1 to 12 carbon atoms; and X is 
chloride, bromide, fluoride, iodide, acetate or tosy- 
late. 

2. The method of claim 1 wherein the silane is repre- 
sented by the formula 

(CH30)3Si(CH2) 3 N+(CH3hCi8H37Cl- 

3. The method of claim 1 wherein the silane is repre- 
sented by the formula 

(CH 3 0) 3 Si(CHz)3N + (C ioH 2 ih(CHj)Cl - 

4. The method of claim 1 wherein the composition is 
in the form of flakes, strips,, powders, filaments, fibers, 
or films. 

5. The method of reducing odor and simultaneously 
controlling diaper rash by the suppression of bacteria 
that attack urinary urea with the liberation of ammonia 
comprising treating diaper fabric with an effective 
amount of an antimicrobial superabsorbent formed of a 
crosslinked hydrophilic sodium salt form of a partially 
neutralized acrylic acid based polymer gel, the polymer 
gel having covalently bonded thereto an organosilane, 
the organosilane being present in an amount to prevent 
hydrophobing and reduction of the absorbent capacity 
of the polymer gel, the organosilane having a formula 
selected from the group consisting of 
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and 



crosslinkcd hydrophilic sodium salt form of a partially 
neutralized acrylic acid based polymer gel, the polymer 
gel having covalently bonded thereto an organosilane, 
the organosilane being present in an amount to prevent 
hydrophobing and reduction of the absorbent capacity 
of the polymer gel, the organosilane having a formula 
selected from the group consisting of 



wherein in each formula, 
R is an alkyl radical of 1 to 4 carbon atoms or hydro- 
gen; 

a has a value of 0, 1 or 2; 

R' is a methyl or ethyl radical; 15 
R" is an alkylene group of 1 to 4 carbon atoms; 
R"\ R"" and R'are each independently selected from 
the group consisting of alkyl radicals of I to 18 
carbon atoms, — Ct^CeHj, -CH2CH2OH, -CH- 
2 OH, and -{CH 2 ),NHC(0)R", wherein x has a 20 
value of from 2 to 10 and R w is a perfluoroalkyl 
radical having from 1 to 12 carbon atoms; and X is 
chloride, bromide, fluoride, iodide, acetate or tosy- 
late. 

6. An article of manufacture from the group consist- 25 
ing of a bandage, a surgical tampon, a sorptive dental 
roll, a catamenial tampon, a sanitary napkin, a diaper, a 
body urinal, an underarm perspiration pad, a breast pad, 
a disposable hat band, a wiping cloth, a tissue wipe, a 
premoistened towelette, a mattress pad, an undersheet, 30 
a surgical dressing and a facial tissue comprising an 
antimicrobial superabsorbent composition formed of a 



(RO))_ 0 SiR"N + R"*R M "R F X- and 
10 \ 



(ROb-oSiR-N \ X© 
R'c \=/ 

wherein in each formula, 
R is an alkyl radical of 1 to 4 carbon atoms or hydro- 
gen; 

a has a value of 0, 1 or 2; 

R' is a methyl or ethyl radical; 

R" is an alkylene group of 1 to 4 carbon atoms; 

R'" , R"" and R v are each independently selected 
from the group consisting of alkyl radicals of 1 to 
18 carbon atoms, — CrfcQHj, — CH 2 CH 2 OH, 
— CH2OH, and — (CH2)xNHC(0)R» wherein x 
has a value of from 2 to 10 and R v ' is a perfluoroal- 
kyl radical having from 1 to 12 carbon atoms; and 
X is chloride, bromide, fluoride, iodide, acetate or. 
tosylate. 
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